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Abstract 
Uranium resources of the world is estimated to be 5.5 million tonnes and  the proven resources in India forms 3% of the 
world resources. The biggest uranium deposit is the Olympic dam deposit in Australia, which contains nearly 2.45 million 
tonnes of 0.023% U3O8, while the highest average grade of nearly 21% is established in the McArthur river deposit, 
Canada. Another very high grade deposit, the Cigar lake deposit, is also in Canada with an average grade of  nearly 18%.  
Most of the uranium deposits established in India so far falls under the category of low grade. These low grade uranium 
deposits are distributed mainly in Singhbhum Shear Zone, Jharkhand; in parts of Chhattisgarh; Southern parts of 
Meghalaya; Cuddapah Basin, Andhra Pradesh; in parts of Karnataka and Aravalli- and Delhi Supergroups, Rajasthan and 
Haryana. These deposits are mainly hydrothermal vein type, stratabound type and unconformity related. The Singhbhum 
Shear Zone, Jharkhand hosts seventeen low grade vein type uranium deposits, aggregating about 30% of Indian uranium 
resources. The stratabound uranium mineralisation hosted by Vempalle dolostone extends over 160 km belt along 
southwestern margin of Cuddapah Basin in Andhra Pradesh and accounts 23% of the Indian resources. Though the 
dolostone hosted Tummalapalle uranium deposit was established in the early nineties, because of techno -economic 
constraints, the deposit remained dormant. As a consequence of the development of an innovative pre ssure alkali leaching 
process, the deposit became economically viable and a mine and mill are being constructed here.  Recent exploration inputs 
are leading more such strata-bound low grade uranium deposits in the extension areas of Tummalapalle. Nearly 10 blocks 
have been identified within a 30 km belt which are being actively explored and a large uranium deposit has already been 
proved in this province. The deposit at Tummalapalle and adjoining areas is likely to emerge as one of the larger deposits in  
the world. The northern parts of Cuddapah basin in Andhra Pradesh is the host for unconformity related low grade uranium 
deposits. Four low grade low to medium tonnage deposits viz. Lambapur, Peddagattu, Chitrial and Koppunuru have been 
established in this province along the contact between basement granite and Proterozoic sedimentary rocks. This province 
also holds promise for large tonnage-high grade mineralization in the deeper unexplored parts of the basin. The North Delhi 
Fold Belt in the states of Rajas than and Haryana is the host for albitite/vein type uranium mineralization. A 320 km long 
NE-SW trending zone of deep seated fractures is the locus of mineralization and the mineralization is caused by soda 
metasomatism. A low grade uranium deposit is already established at Rohil associated with albitites and vast areas in this 
zone is open for exploration. The Cigar lake deposit, one of the two very high grade deposits in the world, though 
discovered in the year 1991 remains unexploited because of it high grade and requirement of remote handling and high end 
mining technology.  The Mc Arthur deposit is being mined by raisebore mining method and the entire operation is carried 
out by 750 employees. Because of the high grade nature of the ore, it is diluted with barren rocks to bring the grade into 
manageable level before the beneficiation. The Rossing uranium deposit in Namibia, the biggest opencast mine for 
uranium, is of low grade and produces nearly 8% of the global output. As a result of the massive minin g and beneficiation 
operation, the employment of manpower is also very high compared to the high grade deposits. India, being a developing 
country with a high rate of unemployment, should treat the low grade deposits as an opportunity for employment.  
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The operation of Rossing mine in Namibia is a shining example of as to how a low grade d eposit could be economically 
exploited in the national interest and still be among the top five countries in terms of production. Inspite of mining the lo w 
grade resources, uranium mining industry in India provides direct and indirect employment to thousan ds of people and still 
operates in profit mode. Environmental concerns and radiation exposure to mining and milling personnel is negligible in 
the case of low grade deposits. The new mines, which are going to be opened in Tummalapalle, Andhra Pradesh; KPM 
(Domiasiat), Meghalaya; Gogi, Karnataka; Rohil, Rajasthan etc. will create substantial direct and indirect employment 
opportunities and transform the economy of these regions. 
Keywords: Uranium exploration; mineralization  
1. Introduction 
The total identified world uranium resources of 6,306,300 t are distributed in 47 countries. Most of the uranium deposits 
around the world are of low grade but there are quite a few medium to high grade deposits especially in Canada and 
Australia. During the year 2009, 51,022 t of uranium has been mined and produced by more than two dozen countries. 
Interestingly, more than 90% of the uranium was produced by seven countries viz. Kazakhstan, Canada, Australia, 
Namibia, Russian Federation, Niger and Uzbekistan. The uranium ore grades of the deposits vary from 0.011% in 
Trekkopje deposit Namibia to 21% in Mc Arthur river deposit in Canada. Though the high grade uranium deposits are 2000 
times richer than the lowest grade deposit, mining of these deposits poses severe challenges in requirement of advanced and 
innovative mining technology and occupational health. On the other hand, the low grade deposits are easier to mine and 
handle resulting in comparable production costs with high grade deposits . The employment generation in the mining of low 
grade deposits is very high compared to high grade deposits. 
2. Uranium resources – Indian scenario 
    Uranium exploration in India dates back from early fifties and the first uranium deposit (vein type) wa s discovered at 
Jaduguda in 1951 in the Singhbhum Shear Zone (SSZ), the then Bihar state. Subsequently, over a period of fifty years, 
extensive exploration inputs in the SSZ has established it as an important uranium province. Presently, the only uranium 
producing mines in the country viz. Jaduguda, Turamdih, Narwapahar, Bhatin and Banduhurang are located in SSZ. 
Meanwhile a number of new deposits were discovered viz. Umra (vein type), Rajasthan; Tummalapalle (dolostone hosted, 
strata-bound), Andhra Pradesh; Domiasiat-Wahkyn-Tyrnai-Gomaghat (sandstone type), Meghalaya; Bodal-Jajawal (vein 
type), Chhattisgarh; Lambapur-Peddagattu-Chitrial-Koppunuru (unconformity- related), Andhra Pradesh; Rohil (Albitite), 
Rajasthan; Gogi (vein type), Karnataka and a number of smaller deposits spreading across India. AMD has so far 
established a total of 80,200 tonnes U contained in 42 small to medium sized deposits in ten states of the country 1.  
    Apart from the Singhbhum Shear Zone, potential for uranium mineralization has been recognized in three other 
important geological environments viz. a) Fourteen Proterozoic basins for unconformity related and strata -bound deposits, 
b) Cretaceous Mahadek sediments of Meghalaya for sandstone type uranium mineralisation and c) North Delhi fold belt in 
the states of Rajasthan and Haryana for Na-Metasomatite type mineralisation. 
    Discovery of high grade giant unconformity type deposits in Canada and Australia in Proterozoic basins, has provided 
new insights in the lookout for high grade large tonnage uranium deposits in the Meso-Proterozoic basins of the country. 
The first major breakthrough in this direction was the discovery of an unconformity related uranium deposit in the northern 
part of the Proterozoic Cuddapah basin in Lambapur, Andhra Pradesh3. Soon, the possibility of finding similar deposits in 
analogous geological environments around the country was realised and extensive exploration inputs have been deployed in 
seven of the fourteen Proterozoic basins in the country. The fourteen basins are dispersed in the Peninsular India and 
Shillong plateau and occupy an area of 225,000 sq.km. Most of the exploration inputs for unconformity type uranium 
deposits so far have been in the shallower fringe areas of these basins and a number o f small to medium sized uranium 
deposits have been established in Cuddapah and Bhima basins entirely based on leads provided by mineralization in surface 
outcrops. 
    Except the medium grade – low tonnage Gogi uranium deposit4 in the state of Karnataka, all the other Indian uranium 
deposits are of low grade and low to medium tonnage in nature. Among the deposits, the uranium mineralization around 
Tummalapalle in South Cuddapah basin5 is extensive along a belt of 160 km. This belt is likely to emerge as one of the 
largest uranium provinces in the world.  Similarly, in the North Delhi Fold Belt in the states of Rajasthan and Haryana, a 
low grade – low tonnage uranium deposit has already been established and potential for more such deposits exists along the 
320 km long zone of “Kaliguman lineament”, a deep crustal fracture zone across the states of Rajasthan and Haryana 6. Half 
a dozen low grade – low tonnage deposits in the Mahadek uranium province in the state of Meghalaya belong to the  
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sandstone type of mineralization7. In this province, only a quarter of the mineralized horizon is exposed for exploration 
while a significant part of the potential area is masked by a sequence of younger non -mineralised cover rocks. Exploration 
in the Mahadek basin is likely to uncover more such deposits in the near future. Since many of these deposits are under a 
shallow cover of sediments, they are suitable for opencast mining.  While three low grade – low tonnage uranium deposits 
were discovered in the marginal areas of the Cuddapah basin, a vast potential exists for the discovery of medium to high 
grade deposits in the inner parts of the Srisailam sub-basin of the Cuddapah basin.  
3. World uranium production in 2009 
If we look at the uranium production scenario during the year 2009, out of the 50,772 t of uranium produced around the 
world more than 32,269 t of U (63%) has come from low-grade deposits.  The following table shows the uranium 
production from major uranium producing countries around the world1, 2. 
Name of the Country Uranium Production (t) 
Australia 7982 
Canada 10173 
Kazakhstan 14020 
Namibia 4626 
Niger 3243 
Russia 3564 
Uzbekistan 2429 
USA 1453 
Ukraine 840 
China 750 
India 250 
    The above ten countries accounts for more than 90% of the uranium production and the production from the first five 
countries accounts for more than 80%.  Production from medium to high grade unconformity associated deposits in Canada 
and Australia accounts for nearly 15,000 tonnes whereas the low-grade deposits contributed the supply of remaining 36,000 
t uranium.  It is interesting to note that some of the very low grade deposits have made a significant contribution in uraniu m 
supply. The leading uranium producer in 2009, Kazakhstan has produced almost all its uranium from low-grade deposits 
(sandstone type deposit) through In-situ leaching (ISL) mining method.  In Namibia, the Rossing uranium deposit (intrusive 
Alaskite type) is of very low grade (0.023% U) and produced 3520 t of uranium (7%) of the world production.  Another 
low-grade deposit in Namibia, the Langer Heinrich (0.046%) has produced 1108 t of uranium and accounts more than 2% 
of the total production.  A polymetallic deposit in Australia, the Olympic Dam depos it (Cu, U, Au, Ag and REE) contains 
low grade uranium (0.023%) along with moderate grades of copper and very low grades of silver and gold.  The Olympic 
Dam deposit has produced 2955 t of uranium during the year 2009 making it the fourth largest uranium producing mine in 
the world.   Similarly, Uzbekistan has produced nearly 2500 tU from the low grade roll type sandstone type deposits during 
the year 2009, making it the sixth largest producer in the world. 
4. Unconformity related high grade deposits  
    High-grade uranium deposits are generally associated with the Proterozoic basins in the palaeo to meso proterozoic 
unconformity and this type of deposits are known as unconformity associated deposits.  The highest uranium grades 
reported so far are from the Athabasca basin, Canada, where Mc Arthur River deposit contains a reserve of 189,000 t U at a 
grade of nearly 21% U while another deposit, Cigar Lake in the same province contains a reserve of 139,000 t U at an 
average grade of 18% U.  In a strict sense, these two deposits are anomalies as such very high grades are not encountered in 
any other country. Though such high grade deposits are discovered in Athabasca basin, the nearly two dozen deposits 
discovered so far in that province accounts for nearly 600,000 t U3O8 at an average grade of nearly 2% U which is way 
ahead of the grades located in other deposits around the world.  One of the other countries where unconformity associated  
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deposits are discovered is Australia where nearly a dozen such deposits have been discovered.  Important among them are 
Jabiluka (67,000 t U3O8 grade 0.49% U3O8) and Koongarra (14,540 t U3O8 Grade 0.8% U3O8). Though surface anomalies 
of unconformity associated uranium mineralization have been reported in some other countries, outside Australia and 
Canada, India is the only country where unconformity associated uranium deposits have been discovered.  Though the 
grades of unconformity associated uranium deposits discovered so far in India are low, it is expected that medium to high 
grade uranium deposits would be discovered in the Proterozoic basins of India.  
5. Uranium production from low grade deposits  
    Kazakhstan, the leading uranium producer in the year 2009 produced their uranium from sandstone type of uranium 
deposits which are of low to medium grade. Kazakhstan could achieve their high uranium production by mining through in -
situ leaching method. It should be mentioned that not all the sandstone type uranium deposits are suitable for ISL mining. 
Special confined aquifer conditions are required for mining a sandstone type deposit by ISL method.  Namibia is the fifth 
largest producer of uranium during the year 2009.  Namibia produced uranium from the low grade deposits of Rossing and 
Langer Heinrich Uranium deposits whose average grades are of 0.023 to 0.046% U respectively.  During the year 2009, 
Iron Oxide Breccia type deposit at Olympic Dam poly-metal mine, Australia produced uranium as a by-product of copper 
and emerged as the fifth leading uranium producing mine. The uranium grade of Olympic Dam Cu -U-Ag-Au-REE deposit 
is 0.021% U.  Thus, except some of the unconformity type deposits of Canada and Australia most of the uranium 
production during the past decade is from low grade deposits.  It should be mentioned that one of the very low grade 
uranium deposit, Trekkopje, a calcrete type uranium deposit at Namibia (0.011% U), owned by AREVA Namibia 
resources, is expected to start production by 2012.  In spite of very adverse conditions like very low grade, lack of water for 
treatment, lack of infrastructure etc, the Trekkopje deposit is expected to produce uranium at an estimated cost of nearly 
USD 60 per pound.  This will be achieved by efficient management and modern mining  techniques.   
6. Challenges associated with the mining of high grade uranium deposits  
    Many of the uranium deposits at the Athabasca basin, Canada are high to super high grades.  Nearly a quarter of the 
world production comes from the high and super high grade deposits especially from Canada.  Super high-grade deposits 
like Cigar Lake (18% U) and McArthur River (21% U) may look enviable compared to the 0.1% grade deposits around the 
world.  But mining of these deposits poses extreme technological challenges and occupational health hazards.  In view of 
the high radiation levels and radon generation in these deposits, they are to be mined and the ore to be handled by robotic 
mechanisms.  Though the Cigar Lake uranium deposit was discovered in the early 80’s, the deposit still remains dormant 
and waiting for exploitation.  The Cigar Lake deposit is proposed to be mined by ‘Jet Boring’ method wherein the ore zone 
is cooled to very low temperatures by continuously circulating super cooled liquid for a period o f few months and the super 
cooled brittle ore zone is crushed by water jets thereby a ore slurry is formed which fall downwards in the ore 
transportation mechanism and handled by robotic machinery in the further beneficiation processes.  Efforts for mining  the 
Cigar lake deposits were delayed because of flooding during the year 2005. Innovative mining technologies are being 
pressed into service for winning the ore from Cigar Lake.  Similarly, the super high -grade uranium deposit at McArthur 
river project posed severe technological challenges for mining.  A novel mining method called ‘raise boring’ method is 
being employed for winning the ore from this deposit.  Ore is excavated from the ore zone by drilling pilot boreholes 
through the ore zone so as to reach an underground drives that are already made below the ore zone.  A wider rotary 
mechanism is fitted with the drill rods at the drive and the drilling operation is continued in the upward direction through 
the ore zone.  As a result of raise bore drilling, the ore zone along the path of drilling is crushed and fall in the drive and the 
mined ore is remotely collected and handled for further processing.  Once a raise bore is completed and the ore removed 
along the drill hole, the hole is filled with concrete so that the operation could be continued in the adjacent column.  
Perhaps, this type of mining is carried out only in the McArthur deposit and warrants the highest level of drilling and 
mining technologies.  It is true that the damage done to the environment is very less in the case of mining of high grade 
deposits, but in spite of the super high grades, the production cost of uranium from these deposits is not so low as a result  of 
involvement of remote handling and high technology machinery. 
7. Employment generation in uranium mining sector and societal commitments  
    During the year 2009, the uranium mining sector provided a direct employment of 65,342 man years 1 (Red book-2009). 
As expected only 10% of the employment was generated for mining and ore beneficiation of medium and high grade 
deposits, mostly in Canada, Australia and Niger. More than 18,000 t Uranium has come from the medium and high grade 
deposits, which accounts for 36% of the total production. Employment generation for the production of 36% of medium 
and high grade deposits is a meager 8.7% of the total employment generation. Mining of the high grade deposits involves 
high technology and requires far less manpower. On the contrary, low grade deposits employ vast manpower for the mining  
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and processing operations. During the year 2009, Kazakhstan, the Russian federation, Uzbekistan, China, India, South 
Africa and Namibia together employed 75% of the total manpower in the uranium mining sector which accounted in the 
uranium production of 50% of the total uranium production. Needless to reiterate that the mining of low grade deposits 
generate a huge direct employment. Employment generation discussed so far is only in the mining and ore pro cessing 
activities and the indirect employment in the mining district and related engineering sector is expected to be four to five 
times of the direct employment. In developing countries like India where there is a high rate of unemployment, especially 
in the un-skilled to semi-skilled category, mining of low grade deposits is a desirable option. Similarly many of the low 
grade deposits distributed in African countries can provide substantial employment opportunities in these countries. As 
discussed earlier, in spite of engagement of high manpower, the low grade uranium deposits continue to produce uranium at 
economically accepted rates. In the projected regime of high uranium prices and a big demand -supply gap, mining of low 
grade deposits assumes great importance.  
8. Conclusion 
    More than 80,000 t of uranium has been established in 42 deposits in India. Except one, all the deposits are of low grade. 
Recent uranium exploration indicates that the stratabound dolostone hosted deposit in South Cuddapah bas in in the state of 
Andhra Predesh is emerging as one of the giant low grade uranium deposit in the world. There are ample indications that 
the northern part of the Cuddapah basin may offer some world class unconformity associated uranium deposits with high  
grades. Similarly, the North Delhi Fold Belt in the states of Rajasthan and Haryana is expected to offer substantial 
resources of low grade uranium. During the past decade India’s nuclear power programme suffered a setback because of 
lack of uranium fuel. Having been a non-signatory to NPT, expansion of nuclear power sector in India also slowed down 
because of low indigenous uranium production. Nearly eight fold increase in uranium prices during the past few years has 
pumped new vigor in the uranium mining sector worldwide and India is no exception. The high uranium prices have made 
even the low grade deposits economical for mining and as a result, a number of new uranium mines are being opened 
worldwide. In order to achieve independence in uranium requirements for India’s nuclear power programme, it is very 
important to mine the low grade deposits of the country. Extensive new uranium resources discovered in southern 
Cuddapah basin will provide adequate uranium for India’s nuclear power programme for years to come. The direct and 
indirect employment generation as a result of new uranium mines also will be very high. So, the low grade uranium 
deposits of India and the world are an opportunity rather than a curse.  
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